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ABSTRACT

This report describes the integrated usa of acoustic methods with midwater
and bottom trawling to estimate the size of pelagic and demarsal stocks of
alewives (Alosa pseudcharengus) and rainbow smelt (Osmerus mordax) in Lake
Huron. The acoustic sampling system consisted of two 50 kHz achosounders
coupled to eithar a transducer mounted on the hull of the ship or on the
headline of the trawl. Fish abundance at middepths was estimated from echogram
counts. The relation between echogram counts and midwater trawl catches was
¥ = =2,69 + 0.983 X with r? = 0.766 at the densities investigated. Estimates
S demersal abundaFee wer® calculated from bottom trawl catches. Echogram
counts and bottom trawl catches were not related. Standing stocks of alewives
and smelt at middapths wers estimated at 17,200 metric tons (t) in July 1974,
22,000 £ in July 1975, and 19,000 £ in August 1976. Estimates for the demersal
component of the alewife-smalt forage stock, calculated from spring and fall
bottom trawl catches (1973=77), ranged from 69,000 t during spring 1975 to
23,000 ¢t in fall 1976, Estimates of the midwater stock, coinciding with the
spring and fall bottom trawl surveys, indicated that about 22% of the total
biocsass was in midwater. I conclude that the combined acoustic-midwater and
demersal surveys provide a far more realistic estimate of the standing stock
than is possible by either type of survey alone.

INTRODOCTION

Dasign of the best strategy for rehabilitating game- and food=fish
resources in the Great Lakes, as well as for managing the recreational and
commercial fisheries they sustain, depeands significantly on how accurately tha
alze of the forage stocks can ba determined. The forage stocks in Lake Huron
are dominated by alewives (Alosa pseudoharencus) and rainbow smelt (Osmerus
mordax), which together make up over &60% of the biomass available to bottom
trawls. Howewver, large numbers of alewives in the younger age groups and
smaller numbars of smelt are palagic and thus unavallable to bottom trawls
(Wells 19%68). Estimates of the proportion of alewives and smalt that make up
the midwater biomass vary widely. EBrown (1974), referring to alewives in Lake
Michigan, indicated that the lake-wide biomass may be nearly 10 times that
estimated on the basis of bottom trawling. Although this extrapolation may be
high, the evidence is irrefutable that a sizable portion of the population is
in midwater and cannot be sampled with conventional bottom trawling gear.

Although bottom trawls are useful tools for providing informaticon on
abundance, age, and species composition, they provide no information on the
midwater stocks. Midwater trawls have the potential to provide information on
the species and age composition of midwater stocks but require ancillary
equipment to locate concentrations of fish that can be sampled. In addition,
gear selectivity and escapesent can only be crudely estimated and the area or
volume that can be sampled is small, leading to large sampling variance;
consequantly midwater trawla are less than ideal for estimating abundance.

The use of hydroacoustic equipment to detect fish and estimate their
abundance is gaining general acceptance as a reliable sampling method.



Acoustics provides the capability for rapidly surveying large expanses of
water, and recent improvements in the design and capacity of equipment to
rapidly procsss the enormous amounts of acoustic data make the technigue
Increasingly attractive.

Acoustic technigques have been used extensively, and sometimes rootinely,
to estimate standing stocks of pelagic saltwater fishes-—for example anchovies
(Bngraulis mordax) (Mais 1977); sockeye salmon (Oncorhynchus nerka) (Thorne and
Dawson 1374); and Pacific hake (Merluccius preductus) {Thorne, Reeves, and
Milliken 1371). Alse, many of the field research programs of the United
Hations Development Frogram of FAO rely extensively on acoustic methods for
estimating the size and yield of various pelagic fish resources (Johannesson
and Losse 1977).

The use of acoustics for surveying freshwater fish stocks has received
less attention, and has not been widaly used in the Great Lakes. Kalso st al.
(1974}, using a digital acho-counting system, demonstrated the feasibility of
using acoustic methods to estimate density of pelagic alewives and smalt.
Falso and Minna (1975) and Minns at al. (1978) used a modified system to
determine fish distribution and density in relatively small, nearshore,
shallow-water areas influenced by thermal discharges. Although these studies
wore conducted over only limited areas they demonstrated the applicability of
acoustics for estimating pelagic fish stocks in the Great Lakes.

In this paper I report on the use of acoustic mathods integrated with
midwater and bottom trawling, to estimate standing stocks of forage fish in
Lake Huron. The meathods used and the results obtained are discussed, as well
as some of the distributional characteristics of the alewife-smelt forage
population.

Aewives and smelt wore sampled on the bottom and in midwater in Lake
Huron with bottom and midwater trawls and acoustic scanning. Acoustics was
used both as a separate sampling device and in conjunction with bottom and
midwater trawls, to identify sultable trawling bottom, determine trawling
depth, and to locate fish and esti=mate their abundance.

The U.5. waters of Lake Huron, excluding Saginaw Bay, were divided into
four sectors (I-IV), each represented by at least cne bottom trawling transect
{Fig. 1). In addition to the sectors, I eostablished reference polats, each
about 16 km from an adjacent point, to provide a means for planning the
acoustic survey design, quickly estimating running time, and determining
sampling location. Establighment of the sector boundaries was dlscretionary
and the volume or surface area of water in each sector differed (Tabla 1).
Honetheless, I believe the sectors represent reasonable divisions of the lake
that can be related to the trawl sampling.
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Figure 1. Lake Huron, showing the sampling area, reference points, laks
sectors used for the biomass caleculations, and the locations of the
bottom trawl survey transects mentioned in the text.



Table 1. Percent of total water volume of U.5. waters of Lake Huron
(Saginaw Bay excluded) available to each sampling gear in different
sectors of the lakea. The volune of water available to bottom trawls
includes all water within 2 m of the bottom; the remaining volume is
considered available to acoustic scanning.

Sampling method

Lake Botton Acoustic
sectord/ Sampling transect 2/ trawl scanning
I Bammond Bay & De Tour 37.3 58.7
II Alpena 18.1 2.1
III Au Sable Point 26.3 18.9
w Harbor Beach 18.3 13.3

8/ zee Figure 1 for location of sectors and transects.

Bottom trawling, during early spring and late fall, was begun in 1973
along four transects off Hammond Bay, Alpena, Au Sable Point, and Harbor Beach
(Figs 1}s An additional transect, off De Tour, was added in the fall of 1975
to supplement sampling in the northern part of the lake. Trawl tows in the
standard seriss for any one transect, were made along the contour at depths of
9, 18, 27, 36, 46, 55, 64, 73, 21, and 110 m. Mot all depths could be trawled
along each transect, either because the botto= was too rough or because deep
water was lacking: the dapths not trawled were off De Tour 110 m, off Alpena
110 m, off M Sable Point 21 and 110 m, and off Harbor BSeach 2 and 110 m.

Midwater trawling and acoustic scanning surveys were conducted from late
spring to early fall during 1974-76. Ganerally, three S-day surveys were made
each year.

Acoustic Sampling System

The acoustic sampling system consisted of two echo sounders, a Xelwvin
Hughes M5-44 and a Relvin Hughes M5-29. The Kelvin Hughes MS5-44 sounder was
coupled to a 50 kliz hull sounted transducer having a rectangular beam anqle of
12* (front to back) X 17* (abeam) at the standard half-power point (-3 d&8).
Recordings were on 21=cm dry chart paper with either gray or white-line bottom
discrimination. A scale expander, usable in either bottom lock or midwater
modes, provided three ranges of expansion (4.5, 9, or 18 m); this feature
enabled a more deatailed examination of fish concentrations than would otharwise
be possible.

The duration of the sound pulse was 0.5 ns and the repetition rate 128
pulses per minute. This pulge duration theoretically allows for resolution
betwoen targets vertically spaced 37.5 = apart. In practice, this degreo of



resolution would be attainable enly if electronic displays wers used. On chare
paper recordings, it is impractical to assume that targets wvactically separated
by lesa than 1 m of water can be individually resoclved. Therefore, I assumed
that echo returna less than 3 mm long on the echograms represented a single
Eish.

Discrimination between single and multiple targets was based on the trace
pattern. The shape and width of the trace is a function of the location of the
fish relative to the acoustic axis, vessel speed, pulse repetition rate, paper
speed, and depth. A stationary target inm line with the acoustic axis along the
vessel's track was represented on the chart as a crescent shaped trace. Fish
lateral to the acoustic axis were represented by a trace pattern determined by
the chord track. If the vertical trace exceeded 1 == on the chart, I assumed
that two or more targets were pressnt. Schools of fish were aveided when tho
echogram counts wore made because of the high variability between counts and
catches associsted with schools of fish. Multiple targets at the same distance
from the sound source cannot be analyzed accurately on the paper echograms.
¥Varying shades of gray can be discerned, but when signal saturatlon oceurs,
further increases in target strengeh (dus to the presence of more fish) are not
evident; this results in an underestimate of fish density. Underestimation
becomes particularly severe in ghallow depths, whers the sampling volume is
small and the location of the transducer en the hull precludes the detection of
many fish near the surface. More detailed explanations of the problems and
limitations associated with acoustic surveys have been published
elsevhore——e.q., Cushing (1973) and Forbes and Makken (1972),

A Kelvin Hughes M5-29 sounder, coupled to a 50 k¥z headline transducer
with a rectangular beas angle of 17® (front to back) X 25* (abeam) at =348, was
used in conjunction with midwater trawl sampling. Signal coupling batween tha
sounder and the transducer was by cable; pay out and retrieval were controllad
by a constant temsion winch. A switching arrangement permitted display of the
signal from the headline or hull transducer on either of the sounders.
Although the boam angle of the headline transducer was relatively wide (25%),
less than 15% of the area of the net opening was scanned by the beas.

Therefore the primary usoe of the headline system was to position the net in
midwater, and not to estimate catch.

The volume of water scanned acoustically {V,) was calculated using the
relationship ¥, = tan ; 42 & where g was one=half the beam angle at the
half-pressure point (-3d8); 32 was the square of the mean bottom depth along
the vessel trackline; and L was the length of the trackline. Corrections for
the volume not scanned near the apex of the sound cone due to the vessel speed
and pulse repeticion rate were usually small relative to the total volume
scanned, e.g., the correction was less than 0.5% when the trawl was towed at
5.1 km/h at a dopth of 50 m.

Figh dengity was calculated from serial sections of the echograss, which
visually showed relative uniformity in depth and figh concentrations. The
mean depth and distance traveled were determined for sach section, then echo
counts were made for a repressntative section which was usually about 12% of



the echogram. The counts wers expanded to include the total volume of water
scanned and expressed as numbars/10%n7. Biomass calculaticns were based on
these density estimates and average weights of fish collected during midwater
trawling.

Trawl sampling

Alewives and smelt were sampled at middepths with a light-weight nylen
diamond-pattern midwater trawl having a 14.3-m headrope and footrope and a
13=mm mesh [stretched measure) cod end. Measuremsnts made by scuba divers have
shown that this trawl had an effective sampling arca of 37.31 n? and opans
vertically 5.5 ms During a 20-ain tow at 5.1 km/h, the trawl strained 63,460
@) of water. Midwater tows usually lasted 20 min but some lasted as long as &0
min.

Samples of fish on or near the bottom were collected using a Yankee
Standard lio. 35 bottom trawl having a 12=-m headrope, 15%.5-m footrope, and a
13-mm mesh cod end. This trawl had an effective sampling area of 10.8 m? and
opaned mticnll;’ 2:2 =« During a standard 10-min tow at 4.6 km/h,; the trawl
strained 8,240 m° of water. Bottom trawl tows lasted 10 min except in saveral
areas where bottom conditions limited them to 5 min. Catches during the
shorter tows were adjusted o 10 min.

The acoustic equipment operatad continuously during both midwater and
bottom trawl surveys. Fish sasples were collected in midwater whenever
suitable numbers of fish were located acoustically. The depth fished by the
trawl was datermined from the echogram generated by the headline transducer and
was controlled by altering the length of trawl cable in the water. The depths
fighed with the midwater trawl were most commonly between 20 and 50 m, and
rarely exceoded 80 m. Alewives and smelt predominated in the midwater trawl
catches, whernas bottom trawl catches were more diverse and included nuserous
bottom=-dwelling species. £

All trawl catches were sorted by species, countsd, and weighed. Alewives
and smelt wera sorted by total length into adults and (depending on the season)
into young-of-the-year or yearlings, and scale samples collected. Cbtaining
scale samples from alewives and smelt captured by the sidwater trawls was
frequently difficult because many scales were lost as a result of abrasion by
the trawl during long tows.

Bottom trawl catches at each contour interval were summed individusally by
species, life stage, and mean welight; then expanded to include total voluse
available to the trawl in sach contour. The individual contour volumes were
then summed for each sector and the sectors totaled. Summation by contour
interval roduces sampling bias because unusually large or s=all catches are
weighted in proporticn to the area availahle at that depth.

Estimates of the midwater population coinecident with bottom trawling were
caleulated from the echograms generated during bottom trawl sampling. Targets
between the trawl headrope and the lake bottos were not included in the counts.



Target counts wers correctad for sampling wolume, expanded to include total
voluse availabhle to the acoustic gear, and summed by contour interval and
BECEOT

RELATION BETWEENM ECHO COUNT AND MIDWATER TRAWL CATCH a

1 sxamined tha relation betwoen echogran counts and midvater trawl catches
made simultanecusly to verify the reasonableness of using echogram counts as an
estimatar of fish abundance in midwater. ODuring 1974, a total of 29 midwater
tows were made in water depths ranging from 18 to 75 m:. The trawling
{headrope) depth ranged from 5.5 to 47.7 m, depending on fish location. I
accepted 21 of the tows for analysis, using three criteria for omitting tows
{nusber omitted gshown in parentheses): zero count and zero catch (2);
pecurrence of clusters of fish that could not be accurately countad on the
echogram (5); or evidence that the trawl had been on the bottom, @.g9., the
occurrence of sculpins (Cottidae) in the catch (1).

Total catches in the 21 accepted trawl tows ranged from 7 to 411 fish
(average, 116). ZIZxcept for two bloaters (Coregonus hoyil and ene lake trout
(salvelinus nasaycusn), the total catch was composed of 66% s=elt and 34%
alewives, Tow times ranged from 10 to 30 min (average, 18.5 min). For thia
analysis, neither echo counts nor catches were adjuated to a fixed tow time.

During the calibration tows, the recorder speed was increased to 25.4
mm/min for the hull sounder and 11.4 mm/min for the headline sounder. The
faster speeds simplified counting and increased count accuracy. The trawl path
during the tow was plotted on the echogram generated by the hull transducer,
and only targets within the wertical limits of the trawl opening were counted.
Echogram counts were adjusted to compensate for beam pattern by aquating
gampling volume of the trawl with the theoretical sampling volume of the heam
pattern at the trawling depth. Counts were adjusted upward at trawling depths
shallower than 30 = and downward at deeper trawling depths.

The relation between adjusted echogram counts and trawl catch was ¥ =
=2,69 + 0.983 X with f = 0,766 (0 = 21): The lesast squares (LS5) regrefaion
equation indic¥tes that echogram counts and trawl catches exhibit a high degree
of linesarity at the fish densities investigated (Fig. 2}« The relation between
the unadjusted echogram count data and the trawl catches was ¥ = d47.95 + 0.520
X with r* = 0.530 (n = 21). The LS regression equation calculated frem the
unadjusted data suggusts that unadjusted echogram counts oversstimate the trawl
catch at low fish densities (€15 fish/ 10,000 n:': and underestimate the trawl
catch at higher densities (Fig. 2).

In addition to the probable error in the papar-count data, the question of
midwater trawl efficiency must also be conaidered, hecause no trawl, midwater
or bottom, is likely to be 100% efficient. Because the paper-count data as
well as trawl catches are inherently variable, Geometric itean (GM) Functional
regressions were computed. The G regressions for trawl catch on adjusted and
unadjusted paper counts were ¥ = =19.53 + 1.222 X and ¥ = 22,54 » 0.714 X,
respactively (Fig. 2}« Although neither sguation was definitive, the &M
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reqression of trawl catch on adjusted paper counts appears to more closely
approximate the anticipated 1:1 relation--at least at the relatively low fish
densities sampled., Dowd (1267), wusing logyp transformed catch data ranging
from about 10 to 1,000 fish por tow, showed a 1:1 relation bestween digital
counts and trawl catches. If a tendency to overestimate trawl cacch exists, as
the G4 regression based on adjusted counts sugoesta, the error would be of
little significance. At higher densities, where multiple targets are common,
the tendency to undercount hecomes more pronounced. This tendency also exists,
but to & lesser extent, when digital echo-counting is used (¥elso et al. 1974).

The obwious shortcoming of using the echogram counts to estimate midwater
fish abundance is that accuracy varies with the density of fish. Expresaing
the counts and catches in terms of density tnmhqn per unit volume) the GM
regreasion of trawl density (no. fiah/100 m 3y an adjusted acoustic density most
nearly approximated the anticipated 1:1 ratio (Fig. 3); where as the LS
regression equation ¥ = 6.470 + 0.740 X, calculated from the sane data,
underestimated the dnnal.'r_r of fish in the trawl. The present data suggest that
extrapolation from the acoustic density is gquestionable beyond 70 counts/10,000
pl--a gatch rate for the midwater trawl roughly equivalent to 22 fish/min
(Fig. 3}«

STANDING STOCKS IN MIDWATER

The sizes of the standing stocks in midwater were estimated from acoustic
surveys conducted during mid=July in 1974 and 1975 and mid=-August in 1976.
Although the survey course varied gomewhat in the different years, the water
volumes scanned and the distances traveled were similar. The depths scanned
during tha surveys ranged from 6.5 to 110 m and vessel speed, except while
trawling was under way, was 16 ka/h. Echogram counts and voluses scanned were
grouped by bottom contour interval and expanded to include the total available
volume in the interval. Estimates of the standing stocks wers based on an
average flah welight of 25 g; although the selection of this welight ls somewhat
arbitrary, it is a reasonable approximation based on nunerous samples of
midvater fishes examined over a perlod of several years.

On the basis of the survey data I estimated the standing stocks in
midwater to be 17,200, 22,000, and 19,000 metric tons (t) during 1974, 1975,
and 1976, respectively (Table 2). These estimates exclude all figh within 2 m
of the bottom. Estimates of fish density and blosass at middepths were fairly
congistent between wyears, particularly beyond the 10-a contour, where from 50
to 65% of the standing stock was located. In as moch as estimates of fish
density within the 0-10 m contour interval exceeded the upper limit of the
range of values investlgated during the colncident acoustic and trawl samepling,
the biooass estimates may be too low.

The mean density estisates of forage fiah at midwater depths, along
contour interwvals desper than 10 m, were well within the range of values
determined from coincident acoustic and trawl sampling. Also, the mean
dengities by contour, between years, were gimilar. This si=mdlarity is due, in
part, to the large volume of water in the contour interval; however, it also
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attests to the reasonableness of the standing stock estimates. If the density
estimates had been dissimilar, the data would be highly suspect because
seasonal patterns of fish distribution would not be expectad to change
substantially betwesn years. If mean density changes measurably ower a pariod
of years, the change should occur over all the deeper contour intervals and not
be restricted to one or two. lowever, the shallow contour intervals
(particularly 0 to 10-m) are exceptions herause many young fish live in shallow
water, and changes there might depend largely on the strengths of new year
classes entering the population.

The changes cbserved in the standing stocks ln midwater during 1974, 1975,
and 1976 were consistent with changes in catch per unit of effort (CPE) and
biomass calculated from spring and Fall bottes trawl surveys for the same
pericd (Table 3). Both sampling methods showed an increass in hiomass during
1975, followsed by & decline in 1976. The similarity in the results yielded by
the two sampling methods, and the uniformity of the biomass and denasity
estimates botween years for the midwater sampling, suggest that the echogram
counts provide a reasonable estimate of fish abundance--at least in deep water,
whare £ish density is relatively low. However, the esti=ate must he congidered
relative bacause target strength was not detersined. In addition, the inhersnt
limitations of this system, including the lack of effective timo-varied gain to
compensate for geometric epreading of the sound pulse, make it virtually
cortain that the population is underestimated. Despite thess limitations the
system does provide an estimate of the magnitude of tha midwater population and
indicates that changes in abundance can be detected.

Table 3. Adult alewives and smelt in Lake furan, 1974=76: catch per
unit of effort and standing stock estimates based on spring and
fall bottom trawling surveys. (Piomass estimates are rounded to
the nearest 1000 petric tons.)

Spason Catch per unit Biomasg
and year of effortd/ (metric tons)
Alewiven Smelt AMewives Smalt
Sprling
1974 144 187 17,000 9,000
1975 519 203 58,000 9,000
1976 923 277 12,000 16,000
Fall
1974 81 249 9. 000 17,000
1975 as 2892 28,000 16,000
1976 44 181 10,000 12,000

3/Unit of effort = 10-min rrawl tow.
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STANDING STOCK ESTIMATES BASED oM VISUAL GRADING

In addition to the July 1975 midwater survey described, midwater
surveys were condocted during late May, late August, and sarly October of
that year. Comparisons of Fish abundance, betwsaen surveys, were hased an
visual grading. Although visual grading is subjective, it can be usad
with scoe success, provided the ohserver is consistent and remains
unbiased (Forbes and Maken 1972).

Grading consisted of selecting serial portions of the echograms
generated during both peint-to-point surveys and surveys along transect
lines perpendicular to the shoreline. In both surveys the echograms were
stratified into 10-m depth strata and sach stratun was assigned one of
aine numerical grades on the basis of the apparent relative fish
abundance. Each abundance estimate was censidered a single ocbhservation.
To engure uniformity betwsen surveys, I limited the number of chservations
between adjacent geographical reference points to one ohservation for sach
stratum present on each echogram generated {e.g., five obgervations would
be made over a hottom dapth of 50 m), whereas for transect surveys I
initiated a new series of ohservations at sach 10-m depth contour. The
vessel track lines were similar for all the surveys except the cne during
August (explained later).

The number of observations varied among surveys: 176 observations for
the May survey, 428 for July, 275 for August, and 493 for October.
Honethelass, the number of chservations for sach dapth stratum, in tarms
af percent, were similar botweoen surveys. Therefore, the numerical srades
assigned were sus=ed over all strata and divided by the total numbar of
observations to yield a moan numerical estimate for each SULVeY. A
comparison of the numerical estimates thus obtained with the hiomass
calculated during the July survey [which served as a baseline) yvielded thae
following standing stock estimates (sampling date in parentheses):

17,555 ¢t [late Mayl; 22,001 t (mid Julylr 32,100 £ (lote Augest); and
20,09 t (parly October). Except for the late August survey, which was
conducted almost entirely in the northern one=fourth of the lake, tha
estimates based on visual grading were reagonably close. If the August
survey data are omitted the estisated mean standing atock in midwater was
19,884 ¢ (n = 3, 52 = 1289). The relatively close agreemsnt between the
midwater biomass cstimatos suggests that changes in abundance can be
detected. The major drawbacks are the high degres of subjectivity in
grading and the need for a baseline estimate.

RELATION BETWEEN ECHO COUNT IN THE PATH OF THE BOTTOM TRAWL AND CATCH

Echogram counts along the presused path of the bottom trawl and the
bottem trawl catch were unrelated. Fish near the bottom could be
discerned but the number of fish present could not be reliably estimated.
Detection of fish near the bottom is complicated by the presence of the
strong bottom echor consequently, wertical resolution is very poor. In
addition, the geometry of the sound beam results in a sizable "dead fiela®
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near the bottos caused by the strong bottom echo generated when the
leading edge of the spherical sound beam is tangent to the bottom. The
atrong return signal causes receiver saturation, and fish lateral to the
tangent polint and between the leading edge of the sound beam and the
bottom cannot be soparated from the bottom echo. Orr et al. (1978) who
used high resolution equipment were unable to detect individual fish
within 15 om from the bottom. Although high resolution equipment may be
usaful for specialized surveys, species very near or on the bottom would
not be detected. Also, large concentrations of fish near the bottom can
raflect such a4 strong echo that it is not possible to distinguish between
the fish and the trus bottom.

INTEGRATED ACOUSTIC AND BOTTOM TRAWL SURVEYS

Standing stocks in midwater were estimated colncident with spring and
fall bottom trawl surveys, beginning in fall 1975. Midwater sstimates
were based only on echo counts from targets located more than 2 m above
the bottom, and the scanning volumes were decreased accordingly. The
midwater counts per unit volunme gcanned were expanded by contour interval
and su=med over each of the four sectors. Biomass ostimates were based on
an average fish weight of 25 g. For the calculation, I assumed that
alewives made up 60% of the midwater fish population=--recognizing,
however, that the proportion of alewives to asmelt in midwater variss
congiderably and that ratio is undoubtedly affected by a number of
Factors, such as bottom type, topography, depth, temperature, and
population dansity and age structure. Biomass estimates based on the
bottom trawl catches were calculated as previously described.

Standing stock estimates of alewives and saelt at middepths waried
between years (Table 4) as would be anticipated for apecles as dynamic as
thege. Whether the observed between-year changes in biomass, calculated
for individual species, constitute real changes in the population is open
to quastion. The 60=-20 division is somewhat artificial and may bhias the
estimate toward one specios. The combined estimate of alewives and smalt
in midwatar is more realistic in terms of changes in the population as a
unit, and generally shows good agreement with biomacs estimates derived
from the bottom trawl cacches., Biomass estimates of stocks in midwater
vere generally higher in the spring than in the fall. This difference
probably reflects changes in distribution more strongly than changes in
abundance over summesr. The unusually high spring bilomass estimats in 1977
may have bean ba dus in part to the rapid rise in lake=-wide temperatures,
which was in sharp contrast to the slower warming pattern in spring 1976.
The rapid warming trend prompted a mass movement of alewives ghoreward,
whereas in previous years this shorevard migration extended over & much
longer period. Another possible explanation for the increase in abundance
during 1977 is the eatry of the very strong 1975 year clams into the
spawning stock. The CFE's and estimates for astanding stocks on the bottom
ware also very high during the 1977 spring survey, suggeating that the
population did incredse.



Estimates of bottom stocks of alewives were also higher in the spring
than in the fall surveys (Table 4). This pattern was consistent every
yoar in 1973=77, with the possible exception of fall 1973 when only two
transects were sanpled. llowever, the limited data cbtained suggest that
the biomasa during the fall of 1973 was smaller than that of the previous
spring.

In 1975 the bicmass estimate calculated from the spring survey data
was inflaced by two unusually large catches along the 30 to 40-m
contour=—one of f M Sable Point and one off Harbor Beach. The projected
standing stock estimate of about 30,000 t of alewives, based on these two
catches, was =more than 100 times larger than that of other years. In 1377
the biomass estimate was also inflated, this time by one large catch off
Alpena along the 10 to 40-m contour. This projocted biomass estimata was
aver 13,000 t; hy comparison the 1976 spring estimate was less than 1,000
t along the same contour.

Estimates of the standing stock of smelt available to the bottom
travls during the fall surveys were relatively consistent between yoars
except for that of fall 1977, which was inflated by one unusually large
catch of f Hammond Bay (Table 4). the caleculated estimate, based on this
catch, was about 13,000 t==-gooe & times the estimated abundance along the
game contour in fall 1976 and 1975. Estimates in the fall wers usually
larger than those during the preceding spring when smelt were moving
rapidly inshore to spawn in waters shallower than the wvessal could occupy.

The cosbined alewile=-smelt biomasa estimates, calculated from the
acoustic-midwater and bottom trawl surveys, ranged {rom 28,000 t during
fall 1976 to 69,000 t during soring 1977 (Table 4). The acoustic
estimates contributed between 7 and 381 (X = 22%) to the total biomass,
Ganerally, the two sampling devices responded similarly to changes in the
population. For example, the fall acoustic survays indicated that
abundance in midwater declined Ffrom 9,200 t in 1975 to 5,200 t in 1976 and
was virtually unchanged, (4,000 £) in 1977. Blosass of adult alewives,
calculated from the bottom trawl catches showed a similar trend (27,700,
9,900, and 10,000 £, respectively). The standing stock of smelt was about
tha same in 1975 and 1976 but increased sharply in 1377; however, the fall
1977 estimate appeared inflated by one very large catch, the removal of
which would bring the estimate into line with that of previous and
subsequent years.

The reason for the large differences in biomass between seasons i=s
not clear. Wells (1958) also noted a decline in fall versus spring and
sumnmer bottom trawl catches of alewives and suggested that alewives may
remain in midwater during susmer and fall. Standing stock estimates,
calculated from the July or August scoustic-midwater surveys during 1974,
1975, and 1975, showed that larce nunbers of fish were present in midwater
during the summer. However, acoustic estimates made concurrently with the
fall bottom trawl surveys 4id not indicate that large nunbers of figh were
at middepths. This discrepancy may suggest that additional surveys are
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nooded to characterize the middepth population. Hevertheless, thers is no
doubt that cosbining pelagic with demersal improves the accuracy of
estimates of the size of the standing atock.

CONCLUSIONS

Acoustic survey methods, used in conjunction with midwater and bottom
trawls, provided considerable information on the size of the standing
stock of alewives and smelt at middepths. Aooustic surveys indicated that
the standing stock at middeptha in summer was at least double that
observed during the early spring or late fall. Generally, the population
in midwator was smallest during the fall, showed a marked increase during
the spring survey, and reached a peak during late summer. Bottom trawl
surveys indicated that the demersal stocks were largest in spring,
declined over summer, and were smallest in fall. The apparent decline
among both the pelaglc and demersal stocks, during the fall is probably
due to changes in the distribetion--which suggests that the Fall nidwater
surveys nay need to be more extensivae.

Although there was a good relation between the echogram counts and
the midwater trawl catches, the echogram counts do have sooe rather severe
limitations. First, and perhapa foromost, is that the accuracy of the
echogram count i{s highly dependent upon the density [number of fish per
unit volume); as fish density increases beyond a certain point, the
accuracy of the count decreages. GSecondly, the use of the echogram counts
to compute biomass necessitates relying on an average fish weight--a
weight that may be incorrect and certainly changes with the season,
location in the water colu=n, or age structure of the population. Soth of
these limitations could be largely removed by using a digital
data-acquisition system, which would enable the separaticn of echo returns
into various signal strength and depth categories.
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